Exendin-4 reverses biochemical and behavioral deficits in a pre-motor rodent model of Parkinson's disease with combined noradrenergic and serotonergic lesions.
Research on Parkinson's disease (PD) has mainly focused on the degeneration of the dopaminergic neurons of nigro-striatal pathway; however, post-mortem studies have demonstrated that other brain regions such as the locus coeruleus (LC) and raphe nuclei (RN) are significantly affected as well. Degeneration of these crucial neuronal cell bodies may be responsible for depressive behavior and cognitive decline present in the pre-motor stage of PD. We have thus set out to create a pre-motor rodent model of PD which mimics the early stages of the condition. N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP-4), a selective noradrenergic neurotoxin, and parachloroampetamine (pCA), a selective serotonergic neurotoxin, were utilized concomitantly with bilateral 6-hydroxydopamine (6-OHDA) injections into the striatum to produce a pre-motor rodent model of PD with partial deficits in the dopaminergic, noradrenergic, and serotonergic systems. Our model exhibited a depressive/anhedonic condition as assessed using sucrose preference testing and the forced swim test. Our model also demonstrated deficits in object memory. These behavioral impairments were accompanied by a decline in both tissue and extracellular levels of all three neurotransmitters in both the frontal cortex and striatum. Immunohistochemistry also revealed a decrease in TH+ cells in the LC and substantia nigra. Exendin-4 (EX-4), a glucagon-like peptide-1 receptor (GLP-1R) agonist, promoted recovery of both the biochemical and behavioral dysfunction exhibited by our model. EX-4 was able to preserve the functional integrity of the dopaminergic, noradrenergic, and serotonergic systems. In conclusion, we have generated a novel animal model of PD that recapitulates certain pre-motor symptomology. These symptoms and causative physiology are ameliorated upon treatment with EX-4 and thus it could be used as a possible therapy for the non-motor symptoms prominent in the early stages of PD.